Abstract Some chemotherapeutic agents cause cardiotoxic effects including reduction in left ventricular ejection fraction (LVEF) and occasionally congestive heart failure. Anthracyclines and HER2 monoclonal antibodies are common offenders, but clinical practice data on LVEF changes, risk factors and acute recovery is lacking. We retrospectively examined the electronic medical record at an academic medical center for receipt of anthracyclines and/or trastuzumab from 2000 to 2013 in cancer patients. Patient characteristics and serial LVEF assessments were collected. Patients with and without LVEF decline were analyzed by univariate and multivariate analysis. A total of 549 patients were identified with anthracycline/trastuzumab use and 216 had multiple LVEF assessments. Only 27 of the 216 patients who had multiple LVEF assessments at multiple occasions suffered a clinically significant LVEF fall (12.5 %), and symptomatic CHF was rare (0.5 %). Compared to unaffected patients, those with a fall in LVEF were more likely to have hypertension, hyperlipidemia or coronary artery disease (CAD). Concomitant trastuzumab and anthracycline use was a risk factor (36 vs 9.5 % for anthracycline alone, p \ 0.001). The median time from start of chemotherapy to reduced LVEF was 202 days (5-3008). On multivariate analysis, hypertension and use of trastuzumab remained independent predictors of LVEF fall. Acute recovery in LVEF was observed in 44 % of patients. LVEF changes from cancer therapies are frequent and hard to predict. Hypertension, hyperlipidemia and CAD are associated with LVEF decline. Acute recovery of LVEF is observed in those experiencing treatment-related cardiotoxicity. Attention to timely interruption of cardiotoxic chemo is recommended.
Introduction
The use of anthracyclines and trastuzumab sometimes leads to cardiotoxic effects. Chemotherapy-related cardiomyopathy may happen immediately after the first dose or as late as several years after treatment. Immediate pericarditis-myocarditis syndrome, chronic progressive congestive heart failure and late-onset cardiotoxicity presenting years after the treatment course ends, have been reported [1] .
Risk factors that may increase the likelihood of cardiotoxicity include cumulative dose, administration schedule, extremes of age, gender, African American ethnicity, combinations with other drugs, concurrent cardiovascular disease, diabetes, hypertension, tobacco abuse and obesity [2, 3] . There have been many attempts to mitigate against anthracycline-induced cardiotoxicity. Examples include angiotensin-converting enzyme inhibitors, beta blockers, liposomal and other nanoparticle anthracycline delivery systems, novel anthracycline analogues and cardioprotective agents such as dexrazoxane [4] . Despite technologic improvements, cardiotoxic effects of cancer therapies persist and impact upon patient quality of life and suitability for treatment.
To better address the rates of cardiotoxicity in a realworld clinical setting in the modern treatment era and to better assess the potential contributory risk factors, we initiated a study of all cancer patients receiving anthracyclines or trastuzumab therapy and analyzed their changes in cardiac function as well as their baseline risk factors.
Methods
The study is a retrospective study examining data in the electronic medical record at an academic cancer center in central Virginia. The study was performed with institutional review board approval. The electronic medical record was queried for anthracyclines and/or trastuzumab use from 2000 to 2013. A total of 549 patients had LVEF assessments around the time of chemotherapy. A total of 221 patients had more than one assessment of LVEF. Five of those 221 patients were treated for coronary artery syndromes around the time of chemotherapy and were excluded from further analysis to avoid confounding. Therefore, a total of 216 patients had at least one pretreatment and one posttreatment assessment of ejection fraction. A clinically significant decline in LVEF was defined per standard criteria as a 10 % change from baseline and a final LVEF below 50 %. A non-clinically significant LVEF decline was defined as a drop of 10 %, but a final LVEF [50 % [5, 6] . Symptomatic heart failure was defined by NYHA classification [7] . Anthracyline equivalent dose was calculated per the Children's Oncology Group standard (idarubicin/doxorubicin ratio of 5:1) [8] . Kruskal-Wallis test and Fisher's exact test were utilized to estimate the difference between groups, and logistic regression model was used to predict a decline in the LVEF. IBM SPSS version 22.0 (Armonk, NY, IBM Corp) was used for statistical analysis.
Results
There were 549 cancer patients who had any LVEF assessment and a subset of 216 patients with LVEF assessments at multiple time points (2-8 LVEF assessments with a mean of 3.5 assessments). A total of 27 patients (12.5 %) experienced a clinically significant decline in the ejection fraction after chemotherapy (as defined above). The other 185 patients (86.6 %) did not experience a clinically significant decline in LVEF (Table 1 ) although a few had asymptomatic LVEF declines without a final LVEF below 50 %. Notably, for the 27 patients experiencing clinically significant decline in LVEF, only one went on to develop symptomatic NYHA class III or IV heart failure, resulting in a symptomatic heart failure rate of 0.5 % in this mixed population of leukemia, lymphoma, sarcoma and breast cancer patients. In the 216 patients that we assessed at multiple occasions, the mean EF change from baseline was -4 %. The mean change for the clinically significant decline population was -20 % (Table 2 ).
An assessment of the risk factors in this population reveals that more patients with a fall in ejection fraction had hypertension, hyperlipidemia, coronary artery disease and preexisting systolic or diastolic dysfunction in univariate analysis. Patients who received both trastuzumab and an anthracycline had a slightly higher incidence of a clinically significant decline in the LVEF as compared to anthracyclines alone (36 % vs 9.5 % p = 0.001). On multivariate analysis, hypertension and the use of trastuzumab remained independent predictors of ejection fraction decline.
In this cohort, the median time difference (days) between start of chemotherapy/trastuzumab and reduced EF was 202 days (5-3008). The median anthracycline dose in the group of patients experiencing an LVEF decline was 240 mg/m 2 (75-375 mg/m 2 ). The trastuzumab-only population was patients with breast cancer treated with taxane plus trastuzumab regimens. Only two of those patients (13 %) experienced LVEF declines. In the small subset of patients receiving liposomal doxorubicin, there was only one patient out of 15 who experienced a LVEF decline (6.7 %).
Discussion
Anthracyclines and trastuzumab are well-known cardiotoxins; however, the rates of symptomatic and asymptomatic changes in LVEF vary among different patient populations and in different clinical trials. Much of the data available comes from select patients meeting eligibility criteria for clinical trial participation. This current retrospective study attempts to assess the real-world implications and outcomes of anthracycline and trastuzumab use. As such, this is one of the few studies examining risk factor associations with LVEF decline in a general cancer population [9, 10] .
We observed a clinically significant LVEF decline rate of 12.5 % of the study population that had LVEF assessments at multiple occasions. This is higher than other contemporary studies [11] . Likewise, we observed associations of hypertension, hyperlipidemia, CAD and systolic/diastolic heart failure with the endpoint of clinical LVEF decline. In multivariate analysis, hypertension was the only statistically significant cardiac risk factor associated with LVEF decline. This corroborates some studies, although there remains a degree of uncertainty in the literature about the roles of other factors such as smoking, diabetes, coronary artery disease and hyperlipidemia. We conclude that the presence of preexisting hypertension, as observed in our study and others, may be the most useful clinical predictor for future LVEF decline (59 % of hypertension patients suffered LVEF decline) [2] . It is also clinically relevant that 12 % of the patient population getting multiple LVEF assessments had preexisting heart failure of any degree. Forty-four percent of those high-risk patients had further clinically significant LVEF drop from their baseline. These data suggest that in the real-world experience, oncologists often may be compelled to give cardiotoxic drugs to patients with underlying cardiac disease. In this retrospective study, none of the 27 cases of clinically significant LVEF decline involved patients with high cumulative doses of either anthracycline or trastuzumab. One explanation may be that the practice pattern since the 1990s has been to limit the lifetime doses of anthracyclines. For trastuzumab-treated patients, cardiotoxicity may occur independent of the cumulative dose [12] , and this study lends support to that conclusion.
Cardiac recovery has been reported in some cases of anthracycline-induced cardiotoxicity. ''Acute recovery'' can be classified as ''partial acute recovery'' if the LVEF improved by [5 % or the LVEF improved to [50 %. ''Complete acute recovery'' is defined as LVEF recovery to the baseline value. Complete acute recovery occurs most often after stopping the cardiotoxic agent and starting heart failure therapy [13] . In this study, we observed acute recovery in 12 of the 27 patients with LVEF declines; 5 of these cases had complete recovery and 7 had partial recovery. This is congruent with other studies observing LVEF stabilizations and acute recoveries after discontinuation of the offending agent [6, 14, 15] .
The limitations of this study include the retrospective design, the size and the heterogeneity of the cancer diagnoses. The strength of a heterogeneous analysis is that it provides real clinical practice experience with use of these agents in a real-world patient population with significant degrees of comorbidity. Many of these patients would never have been included in clinical trials. Indeed, the slightly higher rate of clinically significant LVEF declines in this population as compared to recent prospective trials suggests that in a population with a high index of cardiac disease and risk factors, that cardiotoxicity of chemotherapy may be underappreciated. It is also possible that the 12.5 % incidence of LVEF decline in this study could be an overestimate since many patients receiving chemotherapy did not undergo serial LVEF assessment and were not captured in the denominator for this analysis.
Despite the slightly high incidence of clinically significant LVEF decline, it is encouraging that only one patient went on to develop symptomatic heart failure. Overall, the cardiac safety of anthracycline/trastuzumab therapy appears good in the last decade. Clinician education and cardiac monitoring have been emphasized between the oncology and cardiology communities. Further, there is a better understanding of the action of anthracyclines on cardiomyocytes [14, 16] and a large body of literature on rates of symptomatic CHF from anthracyclines/trastuzumab (rates of CHF may be as high as 10 %) [14, 17, 18] .
Simultaneously, the detection of chemotherapy-related cardiotoxicity has improved. Myocardial strain imaging by echocardiography, magnetic resonance imaging and quantitative radionuclide angiocardiography are widely available. Blood biomarkers remain within the realm of research tools currently [16, 19] .
Conclusion
Anthracyclines and HER2-targeted antibodies can cause cardiotoxic effects. There are many risk factors that may increase the likelihood of these effects [20] . Hypertension, hyperlipidemia and CAD were univariate predictors of LVEF decline, while only hypertension was significant in multivariate analysis. The 12.5 % prevalence rate of LVEF reduction in the anthracycline-using study population that had LVEF assessments at multiple occasions suggests that it remains important for clinicians to recognize and assess for changes in cardiac function in any patients treated with anthracyclines or HER2-targeted antibody therapies. Furthermore, the findings of acute recovery in this report and others highlight the potential reversibility of cardiac toxicity in some patients and the importance or early detection. Furthermore, the recent reports from the (MANTICORE) and (PRADA) trials add support to the growing field of early cardioprotection with ACE inhibitors and beta blockers [21, 22] .
